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APPLICATION FOR PATENT 

ROME BLOOMFIELD AND JOSEPH R. FESTER 

METHOD AND APPARATUS FOR GROUNDING A PROCESSOR 
BOARD 

SPECIFICATION 
CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] None. 

STATEMENTS REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO A MICROFICHE APPENDIX 
[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0004] The present invention relates generally to a method and apparatus for grounding 
circuit boards in electronic devices, and more particularly relates to a method and apparatus 
for electrically grounding a processor board, such as a printed circuit board, to a chassis. 

2. Description of the Related Art 

[0005] Processor boards, such as printed circuit boards ("PCB") with components 
mounted thereon referred to as printed circuit assembly or "PCA", are mounted to the chassis 
of various electronic devices. The mounting of the processor board or PCA to the chassis 
typically provides needed electrical grounding of the board to the chassis. For example, a 
server computer uses a processor PCA that requires a grounding means to meet agency EMC 
compliance. Oftentimes, it is necessary to electrically ground a printed circuit board at 
several distinct locations on the board. A printed circuit board may include several conductor 
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by vias, or electrical connector barrels, typically of copper, formed in the circuit board 
through the layers of conductors and insulation. Electrical grounding of these intermediate 
conductor layers can be accomplished with vias extending through the board to its upper and 
lower surfaces. 

[0006] One prior method for PCA mounting and electrical grounding required the use of 
"blunt nose" standoffs with a companion screw inserted through a hole in the PCA and 
threaded into the standoff. The standoff and screw were made of electrically conductive 
materials. The hole in the PCA typically included a grounding pad around the hole on the 
upper and lower surfaces of the PCB. Thus, electrical grounding was provided to the portion 
of the PCA in electrical contact with the screw and standoff. However, some system 
processor boards are quite large and complex and may require for example fifteen or eighteen 
standoffs. The more screws required, the more time involved in installing and removing the 
board and also the increased risk of damaging the PCA, as for example, by the air driver bit 
slipping off the screw head and damaging components on the board. This prior PCA 
mounting method is labor intensive, but provides effective electrical grounding and 
securement to the chassis. 

[0007] Another method currently in use for mounting the PCA involves the usage of 
"bullet nose" standoffs or mounting studs. The bullet nose mounting studs are attached to the 
chassis, as for example by pressing them into the chassis. The mounting stud was made of 
electrically conductive material. A typical bullet nose mounting stud includes a cylindrical 
base which sharply transitions at an upper base face to a reduced diameter cylindrical stem. 
The cylindrical stem transitions to an enlarged diameter nose at a lower nose face. The nose 
has an upper portion generally rounded in shape like a bullet. The diameter of the base 
portion is greater than the diameter of the nose which is greater than the diameter of the stem 
for reasons which are explained below. 

[0008] The PCB includes a keyhole-shaped opening having a generally enlarged circular 
area connected to a smaller throat area. The enlarged circular area is larger in diameter than 
the mounting stud nose but smaller in diameter than the upper base face to allow the enlarged 
circular area of the PCB opening to be lowered over the nose and onto the upper base face. 
With all of the PCB openings positioned onto the mounting studs, the PCB is slid such that 
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openings. Typically, the height of the stem (which is the distance between the upper base 
face and the lower nose face) is slightly greater than the thickness of PCB to permit sliding 
action and also to allow for manufacturing tolerances. The width of the throat area is less 
than the diameter of the lower nose face such that the PCB is restrained in the direction of the 
longitudinal axis of the mounting stud between the lower nose face and the upper base face. 
A grounding pad was included around the end of the throat area on the upper and lower 
surfaces of the PCB to provide electrical grounding by contact with the mounting stud. 

[0009] The "bullet nose" mounting studs for PCA mounting do not effectively provide 
continuous electrical grounding of the PCA to the system chassis. This is due primarily to 
manufacturing tolerances involved in the manufacture of the PCB and the mounting studs. 
Additionally, it is necessary to have some "play" in order to be able to slide the PCB into the 
throat area. Furthermore, typically a few of the mounting studs are replaced with blunt nose 
standoffs with a companion screw and a round hole rather than the keyhole-shaped opening 
to secure the PCA and provide continuous electrical grounding. The use of screws again 
increases the time and risk of damage as explained above. 

[0010] It is desirable to have an electrical grounding device for continuously grounding a 
processor board to a chassis using standard bullet nose mounting studs and keyhole-shaped 
openings. It is also desirable that any new electrical grounding device for use with bullet 
nose mounting studs be cost sensitive, easily manufactured, highly reliable, and designed for 
mass production. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention is an electrical ground clip for grounding a processor board 
to a chassis using standard bullet nose mounting studs and keyhole-shaped openings. The 
ground clip of the present invention is cost sensitive, easily manufactured, highly reliable, 
and designed for mass production. 

[0012] One embodiment of the ground clip of the present invention includes a generally 
circular-shaped upper body portion, and a lower portion with a number of contiguously 
attached, peripherally spaced retentive leads. The upper body portion contains a peripheral 
side opening opposite the peripherally spaced retentive leads. Upper body ends at the side 
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attached to a chassis. The inner diameter of the ground clip's circular-shaped upper body 
portion is smaller than the diameter of the nose of the mounting stud. The retentive leads of 
the ground clip's lower portion are inserted through corresponding holes in grounding pads 
located at one end of a keyhole-shaped opening in a processor PCB. The retentive leads are 
soldered by conventional means to the PCB to ensure electrical contact of the ground clip to 
the PCB. 

[0013] The PC A contains keyhole-shaped openings and is installed over the bullet nose 
mounting studs. Initially, the PCB is positioned over the nose of the mounting studs and 
brought into contact with the upper base face of the mounting stud. As the PCB is slid 
towards its final position, the upper and lower surfaces of the PCB are loosely captured by 
the upper base face and the lower nose face of the mounting stud. The mounting stud stem is 
smaller in diameter than the upper base face and lower nose face, and smaller than the throat 
area of the keyhole-shaped opening in the PCB. As the PCB reaches its final position, the 
upper body portion of the ground clip engages the nose of the mounting stud, springs open, 
then returns to a position that partially surrounds and makes firm contact with the nose of the 
mounting stud. The firm contact of the ground clip around the mounting stud nose provides 
continuous electrical grounding. 

[0014] The ground clip of the present invention is compatible with existing components 
and mounting techniques. The present invention is soldered to the processor board and 
electrically grounds the processor board to the chassis via the bullet nose mounting studs used 
to secure the processor board to the server chassis. The ground clip can be manufactured at 
low cost and be easily implemented. In addition to providing consistent electrical grounding 
of the processor board to the chassis, it also includes the benefits of easier and quicker 
installation of the processor board to the chassis. The ground clip of the present invention 
can be installed by conventional means by the manufacturer of the PCA. The present 
invention eliminates the risk of damage to the PCA caused by an air driver bit slipping off a 
screw head and damaging components on the board. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0015] In order to more fully understand the drawings referred to in the detailed 
description of the invention, a brief description of each drawing is presented, in which: 
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Figure 1 is a top, front and left-side perspective view of a ground clip according to a 
preferred embodiment of the present invention; 

Figure 2 is a bottom, front, and right-side perspective view of the ground clip of Fig. 

i; 

Figure 3 is a side elevation view of the bullet-nose mounting stud; 

Figure 4 is a top plan view of the processor board showing a keyhole-shaped opening 
and a grounding pad having a plurality of holes therethrough; 

Figure 5 is a top plan view of the ground clip of the present invention installed on a 
processor board; 

Figure 6 is a view of the processor board lowered onto the mounting stud; 

Figure 7 is a view of the mounting stud received in the grounding clip; 

Figure 8 is a top plan view of a typical bullet-nose mounting stud received in the 



Figure 9 is a top plan view of a processor board mounted and grounded to the chassis 
with the grounding clips of the present invention. 



[0016] The ground clip of the present invention, generally referred to as 20, will now be 
discussed with specific reference to the drawings. The preferred embodiment of the ground 
clip 20 is shown in Figs. 1 and 2. As shown in Fig. 9, the ground clip 20 is particularly well 
suited for use in mounting a processor board 10, as for example a printed circuit board 
("PCB") to a chassis C with a plurality of bullet nose standoffs or mounting studs 40. The 
bullet nose mounting studs 40 are attached to the chassis C, as for example by pressing them 
into the chassis C (Figs. 6 and 7). 

[0017] In the preferred embodiment of the present invention as shown in Figs. 1 and 2, 
the ground clip 20 includes a generally circular-shaped upper body portion 22, and a lower 
portion 24 with a number of contiguously attached, peripherally spaced retentive leads 26. 
The retentive leads 26 may include a teat 26a along the length of the retentive lead 26. The 
upper body portion 22 contains a peripheral side opening 28 opposite the peripherally spaced 
retentive leads 26. Upper body ends 30 at the side opening 28 are formed outwardly at an 
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grounding clip; and 
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angle to receive the bullet nose mounting stud 40 attached to the chassis C. The ground clip 
20 may include a plurality of stanchions 32 extending from the lower end of the upper body 
portion 22. The ground clip 20 can be manufactured using conventional means, for example 
sheetmetal forming. The ground clip 20 is made of an electrically conductive material. For 
example, the ground clip 20 may be made of beryllium copper sheet with tin lead plating (or 
comparable plating). 

[0018] As shown in Fig. 3, a typical bullet nose mounting stud 40 includes a cylindrical 
base 42 which sharply transitions at an upper base face 44 to a cylindrical stem 46 having a 
reduced diameter 46d. The cylindrical stem 46 transitions to an enlarged diameter nose 48 at 
a lower nose face 50 having a diameter 50d. Preferably, the nose 48 has an upper portion 52 
generally rounded in shape like a bullet. Alternatively, the nose 48 may have other generally 

U rounded shapes, including a cylindrical shape. As shown in Fig. 3, the diameter 44d of the 

Q 

g upper base face 44 is greater than the diameter 50d of the nose lower face 50 and the diameter 

^ 50d of the nose lower face 50 is greater than the stem diameter 46d for reasons which are 

*y 

M> explained below. The mounting stud 40 is made of an electrically conductive material 

W 

[0019] Referring to Fig. 4, the PCB 10 preferably includes a keyhole-shaped opening 12 
j=y having a generally enlarged circular area 14 connected to a smaller throat area 16. The 
W enlarged circular area 14 has a diameter 14d larger than the diameter 50d of the mounting 
Q stud nose lower face 50 but smaller than the diameter 44d of the upper base face 44 to allow 
the enlarged circular area 14 of the PCB opening 12 to be lowered over the nose 48 and onto 
the upper base face 44. The width 16w of the throat area 16 is less than the diameter 50d of 
the lower nose face 50 such that the PCB 10 is restrained in the direction of the longitudinal 
axis of the mounting stud 40 between the lower nose face 50 and the upper base face 44 upon 
installation of the PCB 10. 

[0020] Referring to Fig. 4, preferably a grounding pad 18 is positioned on the upper and 
lower surfaces of the PCB 10 at the end of the throat area 16. Preferably, the grounding pad 
18 includes a plurality of holes 18h extending through the PCB 10. The holes 18h preferably 
include an electrical connector barrel extending through the PCB 10 and in contact with the 
pair of upper and lower grounding pads 18. The holes 18h are spaced to correspond to the 
spacing of the retentive leads 26 and each hole 18h is capable of receiving a corresponding 
ground clip retentive lead 26. 
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[0021] The ground clip 20 is installed by inserting the retentive leads 26 into and through 
the holes 18h from the upper surface of the PCB 10 as shown in Fig. 5. The ground clip 20 is 
supported by the stanchions 32 contacting the upper grounding pad 18. Although not shown, 
preferably the retentive leads 26 extend slightly below the lower surface of the PCB 10 with 
the teats 26a positioned within the holes 18h. The teated retentive leads 26 preferably include 
a slight bias or spring force to provide a retention force within the holes 18h to maintain the 
ground clip 20 in the proper position during the soldering process. The retentive leads 26 are 
preferably soldered by conventional means, for example a flow solder machine, to the PCB 
10 providing electrical grounding of the ground clip 20 to the PCB 10. It is to be understood 
that the ground clips 20 may be soldered to the PCB 10 at the same time other components 
are being soldered to the PCB 10. If desired, the lower extremities of the retentive leads 26 
may be clipped after soldering. 



g [0022] Preferably, the stanchions 32 are not soldered to the upper grounding pad 1 8. The 
jg stanchions 32 prevent the upper body portion from being soldered directly to the PCB 1 0 and 
thus allows flexure of the body ends 30 upon receiving the bullet nose 48 as described below, 
jjj Preferably, the retentive leads 26 and the stanchions 32 are not located near the clip opening 
28 because of the flex needed at the upper body ends 30 to receive the bullet nose 48 of the 
m mounting stud 40. 



[0023] Installation of the PCB 10 will now be described. The enlarged circular areas 14 
of the keyhole-shaped openings 12 of the PCB 10 are positioned over the bullet nose 
mounting studs 40. The PCB 10 is lowered over the nose 48 of the mounting studs 40 and 
brought into contact with the upper base face 44 of the mounting stud 40 as shown in Fig. 6. 
The diameter 46d of the mounting stud stem 46 is smaller than the width 16w of the throat 
area 16 of the keyhole-shaped opening 12 in the PCB 10. With all of the PCB openings 12 
positioned onto the mounting studs 40, the PCB 10 is slid such that the mounting stud stems 
46 are received in the smaller throat area 16 of the keyhole-shaped openings 12. Typically, 
the height of the stem 46 (which is the distance between the upper base face 44 and the lower 
nose face 50) is slightly greater than the thickness of the PCB 10 to permit sliding action and 
also to allow for manufacturing tolerances. The upper and lower surfaces of the PCB 10 are 
loosely captured by the upper base face 44 and the lower nose face 50 of the mounting stud 
40. 
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[0024] \ Preferably, the inner diameter of the ground clip's circular-shaped upper body 
portion m is smaller than the diameter 48d of the mounting stud nose 48, As the PCB 10 
reaches its™ position, the upper body portion 22 of the ground clip 20 engages the nose 48 
of the mounW stud 40, springs open, then returns to a position that partially surrounds and 
makes firm ccjntact with the mounting stud nose 48 as shown in Figs, 7 and 8. The firm 
contact of the round clip 20 around the mounting stud nose 48 provides the electrical ground 
between that porflon of the PCB 10 and the chassis C, 

[0025] As shown in Fig. 9, it may be desirable to include one or more circular holes and 
blunt nose standoffs with companion screws S on the PCB 10 to secure the PCB 10 to the 
chassis, However, it is to be understood that this should be kept to a minimum because of the 
increased risk of damaging the PCA and the increased time to install and remove the screws, 

[0026] The foregoing disclosure and description of the invention are illustrative and 
explanatory thereof, and various changes in the details of the illustrated apparatus and 



